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2Abstract
Fullspacevelocitiesarecomputedforasampleof130nearb yRRLyraevariablesusing
bothground-basedandHipparcospropermotions.Inmanycas espropermotionsforthesame
starfrommultiplesourceshavebeenaveragedtoproduceappr oximatelyafactoroftwo
improvementinthetransversespacevelocityerrors. Inmostcases,thisexceedstheaccuracy
attainedusingHipparcospropermotionsalone.Theveloci tyellipsoidscomputedforhaloand
thickdisksamplesareinagreementwiththosereportedin previousstudies.Adistinctsampleof
thindiskRRLyraeshasnotbeenisolatedbutthereis kinematicevidenceforsomethindisk
contaminationinourthickdisksamples.Usingkinematic andspatialparametersasampleof21
starswith[Fe/H]<-1.0anddisk-likekinematicshavebee nisolated.Itisconcludedfromtheir
kinematicsandspatialdistributionthatthesestarsrepr esentasampleofRRLyraesinthemetal
weaktailofthethickdiskwhichextendsto[Fe/H]=-2. 05.Inthehalosamplesthedistribution
ofVvelocitiesisnotgaussian,evenwhenthemetal weakthickdiskstarsareremoved.Possibly
related,aplotofUandWvelocitiesasafunctionof Vvelocityforthekinematicallyunbiased
halosampleshowssomecuriousstructure.Thecauseoft hesekinematicanomaliesisnotclear.
Inaddition,systematicchangestothedistancescalew ithintherangeofcurrentlyacceptedvalues
ofM v(RR)areshowntosignificantlychangethecalculatedh alokinematics.Faintervaluesof
Mv(RR),suchasthoseobtainedbystatisticalparallax( ~0.60to0.70at[Fe/H]=-1.9),resultin
localhalokinematicssimilartothosereportedininde pendentstudiesofhalokinematics,while
brightervaluesofM v(RR),suchasthoseobtainedthroughrecentanalysisof Hipparcossubdwarf
parallaxes(~0.30to0.40at[Fe/H]=-1.9),resultinahalo withretrograderotationand
significantlyenlargedvelocitydispersions.
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3Introduction
Thecorrelationbetweenkinematicsandmetallicitygiv esusefulinformationfor
formulatingtheoriesofgalacticstructure.Difference sinchemistryandspacevelocitiesare
crucialindefiningthedifferentpopulationswithintheM ilkyWayandinferringtheirorigin.
Populationsofparticularinterestintheneighborhoodof theSunaretheoldthindisk,thickdisk,
andhalo.Differencesinkinematicsofdifferentpopulat ionsmaybesubtle,sohigh-precisiondata
areimportant.
Theoldthindiskiscomprisedofthekinematicallyhotte rportionofthethindisk(stars
olderthanabout1Gyr),confinedtoascaleheightofa bout300parsecs(Gilmore&Reid1983).
Itiskinematicallywellmixedwithanasymmetricdrif tofabout15km/sec(Freeman,1987).The
metallicitydistributionoftheoldthindiskpeaksatabo utthesolarvaluewithapproximately±0.2
dexspread(McWilliam1990).
Thethickdiskisthekinematicallyhottestportionoft hediskofthegalaxy,withascale
heightofabout1.0kpc(Gilmore&Reid1983)andanasymmetri cdriftofabout40km/s
(Carneyetal.1989).Thickdiskstarsaretheoldeststar sinthedisk(Edvardssonet.al.1993)
withametallicitydistributionpeakingatabout[Fe/H]=- 0.5(Carneyetal.1989).Thereis
evidencethatthethickdiskcontainsstarswithmetall icityaslowas[Fe/H]=-1.6orevenlower
(Norrisetal.1985,Morrisonetal1990,BeersandSommer-L arsen1995).Thefirsttwopapers
usesamplesofKgiantswhosemetallicitywasmeasuredus ingtheDDOphotometricsystem.
Laterstudies(TwarogandAntony-Twarog1994,RyanandLamber t1995)showedthatinthe
metallicityrangeofinterest([Fe/H]<-1.0)theDDO metallicitiesweresystematicallytoo
low.Thisresultedinanover-estimateofthenumbero fmetal-weakthickdiskstars,andTwarog
4andAnthony-Twarogconcludedthat"itisquestionablethat [themetal-weakthickdisk]existsas
aseparatepopulation".However,othersamples,withdif ferentmetallicitycalibrations,havealso
identifiedmetal-weakthickdiskstars,andwewillshowi nthispaperthatthereareasmallbut
significantnumberofmetal-weakthickdiskRRLyraesin oursample.
Thehaloischaracterizedbyaroughlysphericalspacedi stributionwithclosetozeronet
rotation(Carney&Latham1986).Itsstarsaremetalpo or,withapeakmetallicityat[Fe/H]=-1.6
(Lairdetal.1900).However,sincethemid-1980's,manystudi eshavesuggestedthatitcannotbe
describedbyasingle,smooth,andkinematicallywell-mi xedentity.Therehavebeenseveral
suggestionsofatwo-componenthalo,withaflattenedco mponentintheinnerhaloandamore
sphericalouterhalo,includingHartwick(1987),Prestoneta l.(1991),Kinmanetal.(1994)(who
usedthespatialdistributionofRRLyraesandbluehoriso ntal-branchstars),Zinn(1993),(who
usedglobularclusterdata),Sommer-LarsonandZhen(1990),No rris(1994),andCarneyetal.
(1996)(whousedfield-starsamples).Itisalsopossiblet hataccretionsofdwarfgalaxieslikethe
Sgrdwarf(Ibataetal.1994)makethegalactichalosocom plexthatseparationintotwo
componentsisnotagooddescription.Perhapsthehaloi sbetterthoughtofasresemblinga
“bowlofspaghetti”inphasespace,astheaccretedsate llitesslowlyphase-wrap(Majewskietal.
1994,Johnstonetal.1995).Weshouldkeepinmindthatinvest igationsofhalokinematicsmay
onlybeapplicabletoaspecificplaceintheGalaxy(i nthecaseofourstudy,thesolar
neighborhood)andmayhavevelocitystructuresmoothedout bythevelocityresolutionofthe
study.
RRLyraesaregoodtracersofthesestellarpopulations becausetheyarerelativelybright,
samplealargevolumeofspace,haveashortperiodofva riabilitywhichmakethemeasily
identifiable,andcoverawiderangeofmetallicities( mostbetween-2.0<[Fe/H]<0.0).Originally
5RRLyraeswereassumedtobeafairlyhomogenousgroupmos tlyfoundinthehalo.They
occupyafairlynarrowregionoftheHRdiagramwhereth eheliumburninghorizontalbranch
crossestheinstabilitystripbetweenT eff of6100Kto7400K(Smith1995).ThemassesofRR
Lyraesrangefromabout0.6to0.8solarmasses(Smith1995), whichimpliesagesfromroughly
14to17Gyrs.Thismass/agebiascouldprecludeRRLyraesb eingfoundintheoldthindisk
population.Thehighermetallicityofthethindiskwould alsoshiftthezeroagehorizontalbranch
towardsthered,outoftheinstabilitystrip.Forth esereasonsRRLyraesarerarerinyoungerand
moremetalrichpopulations.Taametal.(1976)havesuggeste dthatthereisasmallpossibility
thatahighermassstarcouldloseenoughmasswhileasc endingthegiantbranchforittolandin
theinstabilitystriponthezeroagehorizontalbran ch.InthismannerRRLyraescoveringawider
rangeofagesandmetallicitiescouldbeformed.However ,welackacompleteunderstandingof
themasslossparametersinvolved.
Preston(1959)wasthefirsttomakeacomprehensivesurve yofRRLyraes.He
concludedthattheRRLyraesinhissamplecoveredaran geofmetallicitiesandkinematicsthat
areconsistentwithboththediskandhalo.InPresto n'smagnitude-limitedsampleabout25%of
theRRLyraesbelongtothediskandabout75%tothehalo .
Fornearlytwodecadesnofurther largescale surveysofRRLyraeswereconducted.
Layden(1994,1995)madeanupdatedsurveycontainingacompletesam pleoutsideofthe
galacticplane(hissurveyisincompleteatgalacticlat itudeslessthan10 o)andproducedimproved
metallicityandradialvelocitydata.Themostimporta ntimprovementoverpreviousstudiesare
Layden'shighlyaccuratemetallicities(seeLambertet al1996).Laydenetal.(1996;referredto
hereasLHHKH)addedpropermotionsfromtheNPM1(LickPr operMotionSurvey,Klemolaet
al.,1993)andWanetal.(1980)tocomputefullspacevelocitie sinadditiontoaddingmorestars
6atlowgalacticlatitudes.LHHKHconcludedthatRRLyrae sshowtwochemicallyand
kinematicallydistinctpopulationsinthesolarneighborh ood:thethickdiskandthehalo.
InLHHKH,theerrorsinthespacevelocitiesweredom inatedbypropermotion
errors(whichare2to3timestheradialvelocityerro rs).Inthisworkwewillimproveonthe
LHHKHspacevelocityerrorsbyimprovingthepropermoti onestimates.
ErrorsindistancetoRRLyraesmakeanimportantcont ributiontoerrorsinspace
velocity.Withgoodphotometryrandomerrorsarereduced toafewpercentorless.Ofmore
concernarethesystematicsintroducedbyadoptingadista ncescale,whichvarybyasmuchas
thirtypercent.RecentlyFeastandCatchpole(1997)andCh aboyeretal.(1998)havearguedfora
longerdistancescale(M v(RR)=0.30at[Fe/H]=-1.9).Wewilldiscusstheeffectof changesinthe
distancescaleonourderivedkinematics.
TheDatabase
OriginandOverlap
ThesampleofRRLyraesweusedasabasisforourdatab aseiscomposedofallknown
RRLyraevariablesnorthofdeclination-10 othatarebrighterthan11thmagnitudeasdefinedby
Kinman(1997),whohasobtainedhighqualitylightcurvesfor theentiresample.Werelied
almostexclusivelyonmetallicities,radialvelocitie s,anddistancesfromLayden(1994)because
89%oftheKinmansample(132of149stars)arealsopresent inthatsample.Layden(1994)is
anall-skysampleso162ofLayden’sstarsareexcludedfrom oursbyoursoutherndeclinationcut
off.Becausegooddistances,metallicities,andradialv elocitiesalreadyexistformostofthis
sample,animprovementinthepropermotiondatasignific antlyreducestheerrorsinthe
computedspacevelocities.Wehaveallthedataneededto calculatefullspacevelocitiesfor130
ofthestarsintheKinmansample(128ofwhichappearin Layden1994,LHHKH,orboth).
7ProperMotions
Inordertocomputefullspacevelocitiesweneedtohave accuratedistances,radial
velocities,andpropermotions.Forthissample,avera gepropermotionerrorsarearound10%
whiletypicalrandomdistanceerrorsareonlyafewper cent.Propermotionsarethemostdifficult
ofthethreeingredientstomeasurebecausetheyrequire highprecisionpositionaldatagathered
overaspanofatleastseveraldecades.(Spacebasedo bservationsnowallowasimilarprecision
inashortertime.)
TheLickNorthernProperMotionSurvey(Klemolaetal. 1993;NPM)isanaturalsource
ofpropermotiondataforoursamplebecauseitcontains manystarsofastrophysicalinterest,
includingmostoftheRRLyraevariablesinoursample. Propermotiondatawasusedfroma
numberofothercatalogs:theUSNOTwinAstrographCat alog(Zachariasetal.1996;TAC),
theHipparcosCatalog(Perrymanetal.1997;HIP),theAst rographicCatalogReferenceStars
(Corbinetal.1991;ACRS),thePositionandProperMotio nCatalog(Roser&Bastian1989;
PPM),andalistofpropermotionsofRRLyraestars publishedbytheShanghaiObservatory
(Wanetal.1980l;WMJ).
TheTACisarecentlypublishedworkthatcoversarange ofapparentmagnitudesslightly
fainterthantheACRSorPPMwithimprovedastrometri caccuracyoverboth.Abouthalfofthe
RRLyraesinoursamplearepresentintheTAC.TheT ACcontainsfewerofourRRLyraesthan
theNPMbecauseitisamagnitudelimitedcatalogandisn otcompiledfromalistofstarsof
astrophysicalinterest.TheHIP,liketheNPM,target sstarsofastrophysicalinterestbutcontains
fewerRRLyraes.TheHIPisofbetterorcomparable astrometricaccuracytotheNPMorTAC.
TheACRSandPPMaretwowidelyusedcatalogsknownforgo odastrometricaccuracy.Since
neitherofthesecatalogscontainmanystarsfainter than9thmagnitude,onlythebrighteststarsin
8oursampleofRRLyraesareincluded.DatafromtheSha nghaiObservatorycatalog(WMJ)was
onlyusedincaseswheretherewasnoothersourcefor astar'spropermotion,sinceLHHKH
foundthattheerrorestimatesfortheWMJpropermotio nsareunreliable.
Weemployedanaverageweightedbytheinversevariance forallthestarswhichhad
propermotionsindependentlydeterminedintwoormorecat alogs.Thisscheme,inadditionto
reducingtheerrors,hastheadvantageofreducingtheinfl uenceofanysmallsystematicerrorsin
theindividualcatalogs.Propermotionsfor80ofthe130st arsinthesamplewereimprovedin
thismanner(seeTable1).Thepropermotiondatafor thestarsinoursamplearegiveninTable
2a.
Itshouldbenotedthatthepropermotionsinalltheca talogsexcepttheNPMandHIPare
ontheFK5J2000system.TheHIPisontheInternationa lCelestialReferenceSystem(ICRS)
whichhasreplacedtheFK5system.TheICRSisconsis tentwiththeFK5J2000coordinate
systemsoanydifferencesarenotsignificant(Arias etal.,1995).TheNPMpropermotionsare
basedonan"absolute"framethatappearstohavenosi gnificantformalerrorswithrespecttothe
HIPpropermotionsontheICRSsystem(lessthan1mil li-arcsecondpercentury)(vanLeewenet
al.1997).Thustheallpropermotionsinthisstudyhaveb eentreatedasiftheyareonthesame
astrometricreferencesystem.
Distances,Metallicities,andRadialVelocities
WeuseddistancesfromLayden(1994).Theseemployedavalueo fM v(RR)of0.73at
[Fe/H]=-1.90.Asmallimprovementintheabsolutemagn itudecalibrationusedtodeterminethe
distanceforRRLyraeswaspublishedinLHHKH(M v(RR)=0.67at[Fe/H]=-1.90).Whenthis
correctionisappliedtotheLayden(1994)distances,itres ultsinasystemicshorteningofthe
distancesby2.3%.Thisfactorhasnosignificanteffe ctwhencomparedtotherandomerrors
9quotedforthedistances,whichareontheorderof10%. AmoredramaticchangeintheRR
Lyraeluminositycalibration(M v(RR)=0.25at[Fe/H]=-1.90),proposedbytheresultsfrom
Hipparcosparallaxesandarevisionofthedistancetot heLMC(Feast&Catchpole1997),
lengthensthedistancescaleby25%.Theeffectofth isonourresultswillbediscussedinthe
section“ChangestotheDistanceScale.”
Themetallicitiesandradialvelocitiesforoursample weretakenfromLayden(1994)and
LHHKH.The SrelationusedbyLayden(1994)andLHHKHtomeasuretheme tallicitiesofthe
RRLyraesinhissampleiscalibratedontheZinn-Wes t(1984)abundancescale.The  Sto
[Fe/H]relationhassincebeenre-examinedbyLamber tetal.(1996).Theyshowedthattoahigh
degreeofaccuracytheLayden(1994)[Fe/H]valuesagreewith valuesderivedfromhighS/N,
highresolutionspectraofFeIIlines.
Eightofthestarsinthesampledidnothavedistances orradialvelocitiesinLayden(1994)
(seeTable2b).SixoftheseareinLHHKH,thoughno errorsaregiveforthe[Fe/H]ordistance
values.Fortwoofthesestarsradialvelocitydataw asobtainedfromtheHipparcosInputCatalog
(HIC;Turonetal.1992)and[Fe/H]valueswerecomputedusing SvaluesfromPreston(1959)
andthe Sto[Fe/H]relationfromLayden(1994).Photometrywas obtainedfromKinman
(1997)tocalculatethedistancestoalleightstars.The photometryincludedmeanapparentV
magnitudeand(B-V)colorsatminimumlight.The(B-V)c olorsatminimumlightwereusedto
obtaininterstellarextinctionfactors,followingBl anco(1992)andassumingareddening
coefficient(R)of3.20.ThemeanabsoluteVmagnitudefo reachstariscomputedusingthe
methodofLHHKH.Theextinction,meanabsoluteVmagn itude,andthemeanapparentV
magnitudearethencombinedtocalculateadistance.Err orsinthisdistancearecomputedbya
standardMonte-Carloerrorsimulation.Therandomerro rsforthedistancescomputedfromthe
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Kinmanphotometryaveragedjustunder2%,comparedto8%for theLHHKHdistances.
NumericalMethods
CoordinateTransforms
Theequatorialcoordinatesinthedatabasewereconvert edintogalacticcoordinatesusing
standardtransformations.Thegalacticcoordinateswer einturnusedtoobtaingalacto-centric
distanceRandheightabovetheplaneZ.Fortheselas tcalculationsthepositionoftheSunwas
assumedtobe8kpcfromthegalacticcenterandinthepla neoftheGalaxy(Z=0).
SpaceVelocities
TheU,V,andWspacevelocitiesarecomputedfromthedi stance,radialvelocity,and
propermotionasafunctionofcelestialequatorialcoor dinatesusingthemethodofEggen
(1961).1 Errorsareestimatedfromtheerrorsinthepositio n,propermotion,radialvelocityand
distancebyaMonte-Carlomethodthatsimulatesthequot ederrorsineachcoordinateasaone
sigmarandomvariationofagaussiandistribution.
ThemeanU,V,andWvelocityandvelocitydispersions forasamplearecalculatedusing
atrimmedmeanandsigmaroutine(Morrisonetal.1990).I nthiscase,tenpercentofthemost
extremevaluesareexcludedfromthecalculations,making theresultslesssensitivetooutliers.
PopulationAnalysis
DefiningGalacticPopulations
Therearefourbroadparameterswhichcanbeusedtodefi nedistinctpopulationsofstars
inourGalaxy:position,chemicalcomposition,kinemat ics,andage.Thesimplestwaytosplitthe
diskandhalopopulationsistodividethemchemically.St arswith[Fe/H]<-1.0are
predominantlyofthehalopopulationandstarswith[Fe/H ]>-1.0aremostlymembersofthedisk
population.However,thismethodignorestheoverlapin [Fe/H]betweenthetwopopulations.A
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moresophisticatedmethodwillattempttosortouttheki nematic,chemical,andspatialoverlaps
betweenpopulations.Age,determinedbyfittingstarsto calibratedisochrones,cansometimesbe
usedtodistinguishpopulations.However,itisdifficultto measureagesforRRLyraestoany
accuracysowewillnotdiscussageanyfurther.Theov erlapsbetweenpopulationsareof
particularinterestbecausetheyprovideinsightaboutthe formationhistories.
Itisimportanttokeepinmindbiasesthatmayarisei ndefiningsamples.Asampledefined
byapropertysuchasmetallicityorkinematicswillyi eldresultsbiasedwithrespecttothat
property.Asanexample,itisnecessarytouseakinem aticandspatialdefinitionofapopulation
tostudythemetalweakthickdisksoastonotbiasthe diskpopulationagainstmetalweakstars.
KinematicallyUnbiasedSamples
Initially,diskandhalopopulationswereseparatedbymeta llicitytoyieldakinematically
unbiasedsampleforanalysisandthenbykinematicsandpo sitiontoyieldachemicallyunbiased
sample.Althoughthesemethodsofseparationdonotintr oducekinematicorchemicalbiasin
eachcase,weshouldkeepinmindthemassandagebiases inherenttoasampleofRRLyraes.
Themostdramaticdifferencebetweendiskandhalopopulati onsistheirrateofrotation
(Vvelocity).Figure1showstheVvelocityplottedas afunctionof[Fe/H]foroursample.A
clearchangeinthedistributionisseenat[Fe/H]=- 0.9.AtthispointtheVvelocitydispersion
increasesandthemeanVvelocitychangesdrastically, duetotheonsetofthehalopopulation.
TheDISK1sampleisaccordinglydefinedasallstarswith [Fe/H]>-0.9. Thehalopopulationis
composedofthemajorityoftheremainingstars.Toe liminatethemetallicityoverlapofthedisk
onthehalodistributiontheHALO1sampleisdefinedast hosestarswith[Fe/H]<-1.3.This
boundaryischosenconservativelyfortworeasons;fi rsttoeliminateasmanylowmetallicitythick
diskstarsaspossibleandsecondtoaccountformeasureme nterrorsin[Fe/H]thatmayblurthe
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boundarybetweenpopulations.
TheresultsofthekinematicanalysisoftheHALO1and DISK1samplesappearinTable3.
ThevelocitydispersionsoftheHALO1sampleareconsis tentwithsamplesofthelocalhalousing
avarietyoftracersincludingRRLyraes(LHHKH;Layden 1995;Chiba&Yoshi1998),red
giants(Morrisonetal.1990;Chiba&Yoshi1998),acompilat ionofmetalpoorstarsfroma
varietyofsourceswithoutkinematicbias(Beers&Som mer-Larsen1995),highpropermotion
subdwarfs(Carneyetal.1996),andasynthesisofresults frommanydifferenttypesoftracers
(Norris1986)(seeTable4a).TheChibaandYoshi(1998)sam pleisacombinationofRRLyrae
andredgiantstars.Weprefertofocusontheirresults forRRLyraessincetheuncertaintiesin
themetallicitiesoftheirredgiantstranslateinto distanceerrorswhichexceedthosefortheRR
Lyraes,significantlyenlargingthevelocityerrorsfr ompropermotions.ThemeanVvelocityof
theHALO1sample(-197±12km/s)isconsistentwithasligh tlyprogradehalowithV rot=35±12
km/s(takingtheLSRrotationtobe220km/sandtheSun’sve locitytobe+12km/s).TheU
velocitydispersion(180±14km/s)isslightlylargerthan otherestimatesbutagreeswithinone
sigmawithotherstudies.
TheDISK1samplehasvelocitydispersionssimilartose veralpublishedthickdisksamples,
includingRRLyraes,Fsubdwarfs,andpropermotionselecte dsamples(LHHKH;Layden,1995;
Edvardssonetal.,1993;Beers&Sommer-Larsen,1995;seeTab le4b).TheDISK1samplehas
anasymmetricdriftof+41±11km/s,alsoconsistentwit htheotherthickdisksamples.However
themeanWvelocityoftheDISK1sampleislargerthan weshouldexpect.Thecontributionof
solarmotiontoourmeanWisonly-7km/s(Mihalas& Binney1981)andthemeanforour
sampleis-29±6km/s.
ThereasonforthisdiscrepancyinthemeanWvelocit yfortheDISK1sampleisuncertain.
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NootherstudyshowssuchalargenegativemeanWveloci ty.LHHKHfoundamorenegative
thannormalmeanWvelocityintheirsampleofRRLy raes(-16±6km/s)whichhasatwosigma
overlapwithourvalue.TheplotofWvelocitiesofth eRRLyraesamplefromChibaandYoshi
(1998)alsoshowsthesamelackofmetalrichRRLyraes withpositiveWvelocities.Although
oursampleisnotanallskysamplelikeLHHKHorChiba andYoshi(1998)theyfindthesame
effecttoalesserextent,suggestingthatspatialsampli ngisnotthecause.Also,wehavebeen
unabletoidentify"movinggroups"intheDISK1samplethat maybebiasingourresults.
Sincemanyofthestarsinthethickdisk(DISK1sample) areobservedatlowgalactic
latitudesandoursampleismorecompleteherethanLHHKH ’s,thetransversecomponentofthe
velocitydominatesthesample'scalculatedmeanWveloc ity.Thuspossibleerrorsinproper
motionsanddistanceneedtobeconsideredcarefully.Th epropermotionsforthestarsinthe
DISK1samplecamefromalmosteverypropermotionsource inthedatabase,eliminatingthe
possibilityofasystematiceffectfromasinglecata log.Couldthisdriftbeinthereferenceframes
ofthecatalogs?Thispossibilityseemsveryunlikely sinceotherpropermotionsurveysutilizing
thesamecoordinatesystemshavenotobtainedsimilar results.
ChangingtheRRLyraedistancescaledoesnotresolvet heproblem.Adoptingthe
extremevalueofM v(RR)=2.23at[Fe/H]=-1.9resultsinameanWvelocity of-16±5km/sfor
theDISK1sample.HoweverinthiscasethemeanVve locitybecomes-23±7km/sandthe
velocitydispersionsare( U, V, W)=(42±6km/s,36±5km/s,23±3km/s),valuestypicalofthe
thindisk,notthethickdisk.
Thuswehavebeenunabletoidentifythereasonforth enon-zeromeanWvelocity.A
largersamplemayhelpidentifythefactorinfluencingour result.
TheThinDisk
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TheDISK1sampleappearstobeonlyrepresentativeofth ethickdiskpopulation,notthe
thindiskpopulation.IfRRLyraesdoexistinthethin diskthentheymostlikelyexistinsmall
numbersonlyanditwouldbedifficulttoseparatethemout ofoursmallsampleof26stars.
TheWvelocitydispersionscalculatedforthethickdiskus ingRRLyraes(SeeTable4b,
LHHKH,Layden1995)aresmallerthanWdispersionscalcula tedusingothertracers(Beers&
Sommer-Larsen1995,Edvardssonetal.1993).Thiscouldbeas mallthindiskcontaminationof
theRRLyraethickdisksamples.However,thereisno significantdifferenceintheasymmetric
driftofthethickdiskinRRLyraessamplesaswouldbee xpectedwithsignificantthindisk
contamination.SincetheerrorintheZvelocitydi spersionissmallerwemightexpectittobe
moresensitivetoasmallamountofthindiskcontamin ation.Becauseofthesizeofthesample,
ourresultsareinconclusiveastotheexistenceofth indiskRRLyraes.Whennewdataare
availablefortheentireKinmansample(Kinman1997,Mor risonetal.1998)thissituationmay
improve,asofthe19starsintheKinmansamplewhich arenotinthiswork,11havegalactic
latitudeslessthan30 o,soarelikelytobediskstars.
ChemicallyUnbiasedSamples
Aplotoftotalspacevelocity(relativetotheSun;V tot2=U 2+V 2+W 2)asafunctionofZ
(heightabovetheplaneofthedisk)showsthatalmost allofthestarsclassifiedasthickdiskstars
intheDISK1samplehavelowspacevelocitiesandsmall distancesfromthegalacticplane(Figure
2).Tokinematicallyandspatiallyseparatethethickdis kandhalopopulationsalinewasdrawn:
Vtot (km/s)=235-86*Z(kpc)(dottedinFigure2) 2.Thosestarsintheregionabovethisline
wereplacedintheHALO2sampleandthosebelowtheline intheDISK2sample.Aslantedline
isusedtoseparatethesamplesbecausethesumofasingl estar'spotentialenergy(representedby
Z)andkineticenergy(representedbythetotalspacevel ocity)shouldfallindifferentrangesfor
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eachofthetwopopulations.Thusastarinthediskcoul dhavealargetotalspacevelocityifits
distancefromthegalacticplanewasproportionallysmal ler.NoteinFigure2thattheregionof
smallV totandlargeZisunpopulated.Thisisbecauseitisunlikely thatastarfarfromthegalactic
planewillbemovinginacircularorbitliketheSun.
TheHalo
TheHALO2kinematicsaresimilartothoseoftheHALO 1sampleexceptontwopoints.
FirstHALO2hasasomewhatlargerUvelocitydispersion (193±15km/s)thantheHALO1
sample(180±14km/s).Botharelargerthanistypicalofa localhalosample(Beers&Sommer-
Larsen1995).HALO2alsoshowsahalowithnonetrotat ion(<V>=-219±10km/s;
Vrot=+13±10km/s).Itispossiblethatthisisthemorecorr ectresultbecausesomeofthelowest
metallicitystarswithdisklikekinematicsremainedin theHALO1sampleandwouldbe
responsiblefortheresultingslightprograderotation.T heDISK2populationcontainsstarswith
disk-likevelocitiesandmetallicitiesaslowas[Fe/H] =-2.0,with12starshaving[Fe/H]<-1.3.
ThekinematicsofourHALO2sampleareconsistentwith thosecalculatedbyCarneyetal.
(1996)fora“low”halosampleselectedbyorbitaleccent ricity(amethodwhichshouldexclude
mostmetalweakthickdiskstarsfromthatsample).How ever,the“low”halosampleselectedby
Carneyetal.(1996)bymetallicityshowsastrongerprogr aderotation,havingkinematicsmore
consistentwithourHALO1sample(seeTable4a).
AhistogramoftheVvelocitiesofthestarsinthe HALO2sampledoesnothavea
gaussianshape(seeFigure3).Itappearsbimodal,withthe divisionatV rot0(V=-232km/s).
Varyingthehistogrambinsizeandlocationdoesnotsi gnificantlyalterthisdistribution.Plotsof
bothUandWvelocityagainstVvelocityfortheHALO 1sample(Fig.4)showsomecurious
structure:thestarswithretrogradeorbitshavealowe rWvelocitydispersionthantheprograde
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stars,whilethereverseeistruefortheUvelocity .Istherearealdifferencebetweentheprograde
andretrogradehalostars,perhapssuggestingadifferentori gin?Bothgroupshaveasimilar
[Fe/H]distribution,andbotharesimilarlydistributedo nthesky.Also,differentvaluesofMv(RR)
donotsubstantiallychangethisresult.
WhatmightbethecauseofthedifferencesseeninFig. 4?TheclumpinginWvelocity
suggeststhepossibilityofmovinggroups(althoughwewouldex pecttoseeasimilaramountof
clumpinginUvelocity).Johnston,Spergel,andHernquist (1995)showedthatatidallydisrupted
groupofstarsinthegalactichaloshouldspreadoutalongt heorbitoftheoriginalgroup,
maintainingasmallvelocitydispersionalongtheaxis perpendiculartotheorbitalmotion.We
wereunabletosubdivideanyportionofourhalosamplesi ntomovinggroupswiththeseunique
kinematicsignatures.However,aportionofthehaloc onsistingofmanyofthesetidallydisrupted
groupsmayhaveakinematicsignaturethatdiffersfromth egaussianvelocitydistributions
expectedforthehalo.Amoreextensivesampleisnee dedtoinvestigatethisfurther.
TheDisk
The[Fe/H]distributionoftheDISK2sample(seeFigure5) includesasignificantnumber
ofmetalweakstars([Fe/H]<-1).TheDISK2sampleisb rokenintotwoadditionalsampleswhich
arealsoanalyzedinTable3.TheDISK2Asampleincludes theDISK2starswith[Fe/H]lessthan
-1.0andtheDISK2BsampleincludesallofDISK2with[Fe/H ]greaterthan-1.0.
ThekinematicsoftheDISK2Bsamplearealmostidentica ltothoseoftheDISK1sample,
whichistobeexpectedsincetheycontainalmostall thesamestars.TheaverageVvelocityand
thevelocitydispersionsoftheDISK2Asamplenotsignif icantlydifferentfromthosecalculatedfor
theDISK1andDISK2Bsampleorotherthickdisksamples(se eTable4b).Webelievethe
slightlylargervaluesareduetoasmallamountofhalo contaminationintheDISK2Asample.
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DroppingthefourstarswithVvelocitieslessthan-200km /sfromtheDISK2Asamplechanges
theaverageVvelocityto-41km/sanddecreaseseachof thevelocitydispersionsbyabout10
km/s.Theresultingkinematicsareaclosermatchtot heotherthickdisksamples.TheDISK2A
sampleisclearlytakenfromthethickdiskpopulationbutc ontainsstarswithmorehalo-like
metallicities.
TheMetalWeakThickDisk
WeproposethattheDISK2Asampleistakenfromthemeta lweakthickdiskfirst
identifiedbyNorrisetal.(1985).Themeanvelocities andvelocitydispersionsofourDISK2A
samplearesimilartothosecalculatedforthemetalw eakthickdiskbyMorrisonetal.(1990)(see
Table5).
WecancomparethenumberofRRLyraesinthemetalw eakthickdisktothenumberin
thehalobecausetheycoverthesameabundancerange. UsingourDISK2AandHALO2samples,
N(RR)MWTD/N(RR)HALO is0.26±0.06.Layden(1995)estimatedthenumberofkinematic ally
disk-likeRRLyraeswith-1.6 [Fe/H]<-1.0inaregionofspacewithin1kpcoftheplane. Our
resultsarewithintherangewhichLaydenestimatedfor theratioofthickdisktohalostarswith
thoseparameters.ChibaandYoshi(1998)findN(RR) MWTD/N(RR)HALO isabout0.3.Thisisalso
consistentwithourresult.Theseratiosaresignifica ntlysmallerthanN MWTD/NHALO of0.50forG
andKgiantsproposedbyMorrisonetal.(1990),becausethe DDOmetallicitycalibrationthat
theyusedmadesomemoderatelymetal-poorthickdiskstars have[Fe/H]<-1.0(seeTwarogand
Anthony-Twarog1994).
Theproportionofthickdiskstarswith[Fe/H]<-1canbe figuredusingtheapproximate
relativenumbersofthickdiskandhalostarsinthesol arneighborhood.Morrison(1993)found
NHalo/NTD=1/50.Combiningthiswithourratioofmetalweakthick disk(MWTD)RRLyraesto
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haloRRLyraes,weobtainN MWTD/NTD=0.005±0.001.Thus,thoughwehaveshownthatthereare
metal-poorstarsinthethickdisk,theyformonlyave rysmalltailofitsmetallicitydistribution.
BeersandSommer-Larsen(1995)publishedalistofpossible metalweakthickdiskstars
selectedfromtheirdatabytakingstarswith[Fe/H]< -1.0andradialvelocitiesindicatinga
rotationalvelocityoflessthan100km/s.Ofthoses tars,fourarealsopresentinourstudy(XX
And,EZLyr,SWAqr,andVVPeg).WehaveidentifiedXX AndandSWAqrasbelongingto
thehaloandEZLyrandVVPegasbeingmembersofthe metalweakthickdisk.SinceBeersand
Sommer-Larsenhadonlyradialvelocitiesandnoproperm otionsforthestarsintheirstudy,they
hadlesskinematicalinformationforeachstar.Usin gfullspacevelocities,wehavebeenableto
morefinelyseparateourhaloandmetalweakthickdisksa mplesthanBeersandSommer-Larsen.
Becauseoftheirselectioncriterionandlimitedkinema ticdata,itispossiblethattheyhavealso
mis-identifiedsomemetalweakthickstarsashalostar s.Forthesereasonsourmetalweakthick
disksamplerepresentsamorecompletesamplewithlessh alocontamination.BeersandSommer-
Larsenalsofoundanextendedtailtothedistribution,s tarswith[Fe/H]<-1.6anddisk-like
kinematics.OurDISK2Asamplecontainsfivestarswith [Fe/H]<-1.6withthelowestbeing
[Fe/H]=-2.05,asignificantdetectionoftheextendedmet alweaktail,inagreementwiththeir
results.
Thepresenceofthemetalweakthickdiskamongthestars inourstudyalsosupportsthe
previousassertionthattheHALO2sampleisabettergauge ofhalokinematicsthantheHALO1
sample.Thereare11membersoftheDISK2Ametalweakt hickdisksamplethathave[Fe/H]
lessthan-1.3andwouldhavecontributedtoaslightlyprogr aderotationoftheHALO1sample.
Removingthecontaminationofthemetalweakthickdis kweobtaintheHALO2samplewhich
showsanon-rotatinglocalhalo.Morrisonetal.(1990) alsoremovedthemetalweakmembersof
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thethickdiskfromtheirhalosample,butinthatcase itresultedinahalosamplewithasomewhat
moreprogradeV rot(25km/svs.13km/s).Havingfullspacevelocitieshasal lowedustomore
effectivelyremovethemetalweakthickdiskstarsfrom ourHALO2sample.
Table4bshowsthatthemetalweakthickdisk(DISK2A)ha skinematicsconsistentwith
samplesofmetalenrichedthickdiskstars.Figure2shows thatthemetalpoorstars([Fe/H]<1.0)
withdisk-likekinematicsarekinematicallyandspatially wellmixedwiththemetalrichstars
([Fe/H]>-1.0).Thisleadsustotheconcludethattheme talweakthickdiskisthemetalweaktail
ofthethickdiskandnotadistinctpopulationbyitselfa ndalsothatthesestarsarenotamoving
groupinthehalo.
ChangestotheDistanceScale
RecentstudiesusingHipparcosdatahavesuggestedthatachan geisneededintheRR
Lyraedistancescale.FeastandCatchpole(1997)concludedf romare-calibrationoftheCepheid
distancescaleandapplicationoftheirfindingstoRRLy raesintheLMCthatRRLyraesare0.48
magnitudesbrighterthanpreviouslythought.Chaboyereta l.(1998)haveusedHipparcos
parallaxestosub-dwarfsandmainsequencefittingtore-e xaminethedistancestoglobular
clusters.TheycombinedthevaluesforM v(RR)obtainedfromthenewclusterdistanceswith
otherM v(RR)determinationstoarriveatavalueforM v(RR)of0.39at[Fe/H]=-1.9.Theypoint
outthatwiththeirnewRRLyraedistancescale,ages derivedfromglobularclustercolor
magnitudediagramfitsandfromtheHubbleconstantareno longerdiscrepantwithstandard( 	 =
0)cosmologicalmodels.Wehaveinvestigatedtheeffect oftherevisedRRLyraedistancescale
onthekinematicsofourRRLyraefieldstarsample.S uchlengtheningofthedistancescale
causesnosignificantchangestothekinematicswederiv eforthe diskpopulationsbecausethe
distancestothesestarsaresmallersochangingthedi stancescalehasalesspronouncedeffecton
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theircalculatedtransversevelocities.However,the meanvelocitiesanddispersionsinthehalo
populationsarealteredsignificantly.
Figures6and7showthechangeinmeanvelocityandveloc itydispersionasafunctionof
Mv(RR)fortheHALO2sample.M v(RR)of0.73isusedbyLayden(1995)andourstudy,
Mv(RR)of0.25correspondstotheFeastandCatchpolevalue, andMv(RR)of0.39isthe
Chaboyeretal.value.Notethatthemeanrotationa lvelocity(V)changessignificantlyasa
functionofM v(RR).Achangeofaslittleas0.20magnitudesineither directionchangesV rotof
thehalofromprogradetoretrograde.Asimilarchangei ndistancescalealsomakesasignificant
changeintheUvelocitydispersion.Notethatthera teofchangeinUdispersionasafunctionof
distancescaleissignificantlydifferentfromtherat esofchangeinVandWdispersion.These
ratesshowthatachangeindistancescalehastheef fectofstretchingorcompressingthevelocity
ellipsoid.
Ryan(1992)pointedoutthatifa16%longerdistancescalei sadoptedfortheUBV
spectroscopicparallaxtechniqueusedbyMajewski(1992)thatt heretrograderotationofthehalo
foundinhisworkisreducedfromV rot=-55km/stoV rot=-9km/s.Similarly,ourdataexhibitsthe
sameretrogradehalorotationasMajewski(1992)ifweapply alengtheningtoourdistancescale
ofafactorof20%-30%.Majewski(1992)reportedthathismea surementofretrograderotation
inthehalocouldbeaproductofasystematicerrorin thedistancescalebutdismissedthis
possibilityafteranalysisofpossibleerrors.Carne yetal.(1996)reportedlocalor“low”halo
kinematicssimilartothosewehavecalculatedforour halosamplesandthatthekinematicsofthe
distantor“high”haloareconsistentwiththosefound byMajewski(1992).Thiswouldimplythat
theportionsofthehalosampledbyMajewski(1992)aredomi natedbyapopulationor
populationswithkinematicpropertiesdifferentfromthose ofthelocalhalo.Inthiscasewe
21
wouldnotexpecttofindastrongretrograderotationino urhalosamples.
Achangeinthedistancescaleaffectsthecomputedvelo citydispersionsaswellasthe
meanrotationalvelocity.Inthecaseofourdata,t hevelocitydispersionsforthehalocomputed
usingM v(RR)brighterthan0.40aremuchlargerthananyotherdis persionsreportedinthe
literatureforothertypesoftracers(seeTable4a). Aslightshorteningofthedistancescaleto
(Mv(RR)~1.0at[Fe/H]=-1.9)wouldactuallyimprovetheagreem entofourvelocitydispersion
valueswiththosepreviouslypublishedbydecreasingtheU velocitydispersiontoasmaller,more
frequentlyquotedvalue.
Itisimportanttonoteadiscrepancybetweenvaluesof M v(RR)arrivedatforclusterand
fieldRRLyraes.ThiswasfirstnotedbyChaboyeret al.wholefttheresultsfromtheanalysisof
fieldstarsoutoftheiranalysisM v(RR).Thisdisagreementistroublingbecausethekinemat icsof
thehaloaresignificantlychangedbyadoptingdifferentv aluesofM v(RR)withinthecurrent
acceptablerangeofvalues.ThebrightervaluesofM v(RR),adoptedfromanalysisofclusterRR
Lyraes,indicateahalowithlargervelocitydispersion sandretrograderotation,whilethefainter
valuesofM v(RR),arrivedatfromfieldRRLyraes,indicatekinemat icssimilartothoseappearing
inotherindependentkinematicanalysesofthehalo.C atelan(1998)hasfoundnodifference
betweentheperiod-temperaturedistributionsoffieldandc lusterRRLyraes,rulingoutthe
possibilityoftwogroupsdifferinginphysicalproperties. Itseemslikelythatsystematicerrors
mayberesponsibleforthisdiscrepancyratherthana fundamentalphysicaldifferencebetween
clusterandfieldRRLyraes.
 SummaryandConclusions
Theresultsofourkinematicanalysisofdiskandhalosa mplesagreeingeneralwithother
publishedresults(Table4aandIIIb).Itisourbelieft hattheHALO2sample(definedasstars
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withtotalspacevelocitiesgreaterthan235km/s-86*Z, whereZistheheightabovethegalactic
planeinkpc),despitebeingkinematicallybiased,betterr epresentsthetruekinematicsofthehalo
sincefewerthickdiskstarswithsmall[Fe/H]arepres entinthissamplethantheHALO1sample.
ThecomputedWvelocitydispersionfortheDISK1andDISK2 samplesaresmallerthan
normallynotedforthethickdisk.(SeeTable4b)Thuss omethindiskstarsmayhave
contaminatedourthickdisksample.
TheHALO1samplehascuriouskinematicstructurevisiblei nplotsofUandWvelocity
plottedagainstVvelocity(Figure4).Also,ahistogram ofVvelocitiesintheHALO2sample
(Figure3)revealsanon-gaussianprofile.Amoreextens ivesampleisnecessarytodeterminethe
natureofthesekinematicdistributionsandwhattheyma ytellusaboutthestructureandevolution
ofthelocalhalo.
Thespatialandkinematicparametersusedtoseparatethe HALO2andDISK2samples
allowedustodetectanextendedmetalweaktailintheD ISK2distribution.Webelievethistail
(DISK2A)isarepresentativesampleofthemetalweakt hickdiskofNorrisetal.(1985).The
kinematicparameterswederivefortheDISK2Asampleare inagreementwiththosederivedby
Morrisonetal.(1990)andconsistentwiththosecalculate dforthemoremetalenrichedthickdisk.
Wefindasignificantlysmallerproportionofmetalwea kthickdiskstars(N(RR) MWTD/N(RR)HALO
=0.26±0.06)thanMorrisonetal.(1990)andthatthedistrib utionofstarsinthemetalweak
componentofthethickdiskextendstometallicitiesat leastaslowas[Fe/H]=-2.0,inagreement
withBeers&Sommer-Larson(1995).
Withrespecttothedistancescalewefoundthatachan geinM v(RR)hasnosignificant
effectonthecalculatedkinematicsofour disksamples.However,ashiftofaslittleas0.10mag.
inM v(RR)hasasignificanteffectonthemeanrotational velocityandthevelocitydispersionsof
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thehalo.Ifweweretoadoptthedistancescalesof FeastandCatchpole(1997)orChaboyeret
al.(1998)thiswouldsignificantlyenlargethecalculatedU, V,andWvelocitydispersionswell
beyondnormallyacceptedvalues.Acceptingthisdistance scalewouldalsoresultinacalculated
retrograderotationofourlocalhalosamplescomparable tothatdetectedbyMajewski(1992)for
thedistanthalo.
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Footnotes
1 Uisdefinedastheradialmotionwithrespecttothe Sunwithmotiontowardsthegalactic
anti-centerbeingpositive.Visdefinedastherotati onalmotionwithrespecttotheSun
withmotioninthedirectionofgalacticrotationbei ngpositive.Wisdefinedasmotionin
theZdirectionwithrespecttotheplaneofthegalaxy withmotiontowardtheNGPbeing
positive.
2 Thelinewasdrawntoseparatetheregioncontainingm ostofthemetalrichstarsfromthe
restofthedistribution.Althoughpreciseplacementof theline’sinterceptwiththe
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velocityaxisdoesnothaveasignificanteffectont hecalculatedkinematics,thelinewas
drawnlowtominimizehalocontaminationoftheDISK 2sample.
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FigureCaptions
Figure1 Rotationalvelocitycomponent(V)asafunction ofmetallicity([Fe/H]) .
Figure2 Totalspacevelocityofstarsinthesampleplot tedagainstheightabovethegalactic
plane(Z)inkiloparsecs.Pointsabovethedottedline aretheHALO2sampleand
thosebelowaretheDISK2sample.Thesymbolsdenote starsindifferent
abundanceranges;solidcirclesare[Fe/H] 
-1.0,crosses-1.6 [Fe/H]<-1.0,and
opensquares[Fe/H]<-1.6.
Figure3 AhistogramofVvelocities(30km/sbins)forth eHALO2sample
Figure4 VvelocityversusUandWvelocityforthekinem aticallyunbiasedHALO1sample
withonesigmaerrorbarsineachcoordinate.Thedas hedline(V=-220km/s)
separatesprogradefromretrogradeVvelocities.
Figure5 Ahistogramofmetallicities([Fe/H])ofstar sintheDISK2sample
Figure6 MeanU,V,andWvelocitiesplottedasfunctions ofM v(RR)fortheHALO2
sample.U=filledincircles.V=crosses.W=open squares.LinesA,B,C,and
DmarkthevaluesofM V(RR)adoptedbyLayden(1994)&thiswork,Laydenet
al.(1996),Chaboyeretal.(1998)andFeastandCatchpole(1997) respectively.
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Figure7 U,VandWvelocitydispersionsplottedasfunction sofM v(RR)fortheHALO2
sample.   U=filledincircles.V=crosses.W=opensquares.   LinesA,B,C,and
DmarkthevaluesofM V(RR)adoptedbyLayden(1994)&thiswork,Laydenet
al.(1996),Chaboyeretal.(1998)andFeastandCatchpole(1997) respectively
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TableCaptions
TABLE1.Summaryofpropermotiondata.(a)Quotedvalue sprobablyunderestimatethe
actualerrors.(b)Individualerrorswerenotquotedin theNPM.TheerrorquotedisanRMS
error.(c)Thefullspacevelocityerroristhesquar erootofthesumofthesquaresofthe
tangentialandradialvelocities.
TABLE2a.Propermotiondatausedinoursample.Thefir stcolumnistheforthestarnumber
inourdatabase.Therearegapsinthissequencewheres tarshavenotbeenincludedinthesample
forthispaper.PropermotionsinR.A.aregiveninse condsoftimepercentury.Propermotions
indeclinationaregiveninsecondsofarcpercentury. Incaseswherethereismorethanone
sourcelisted,thepropermotionisthemeanofthosef romthesourceslistedweightedbythe
inversevariances.
TABLE2b.Distances,radialvelocities,and[Fe/H]fo rstarsnotinLayden(1994).Thefirst
columnistheforthestarnumberinourdatabase.The distancesarederivedfromphotometry
obtainedfromKinman(1997).Thedistanceerrorsaredete rminedbyastandardMonte-Carlo
errorsimulation.The[Fe/H]valuesfrom“Preston”a recomputedusingtheLayden(1994) Sto
[Fe/H]relationfor SvaluesfromPreston(1959)
TABLE3.ResultsofkinematicanalysisofourRRLyrae samples.(a)<U>,<V>,and<W>are
calculatedintheframeofthesolarsystemandnotth eLSR.SolarmotionrelativetotheLocal
StandardofRestis(U,V,W)=(-9,+12,+7)(Mihalas&Binney ,1981).Thismotionshouldbe
reflectedin<U>,<V>,and<W>forthesamples.
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TABLE4a.Comparisonofvariouslocalhalosamples.
TABLE4b.Comparisonofvariousthickdisksamples.(a) Thenumbersgiveninthetableare
fromananalysisperformedontheEdvardssonet.al(1993)di skpopulationwithstarshavingages
greaterthan9Gyrbeing"Older."
TABLE5.Comparisonofmetalweakthickdisksamples.   (a)MWTDkinematicsascalculated
byMorrison,Flynn,andFreeman(1990)
TABLE1.  Summaryofpropermotiondata.(a)Quotedvaluesprobab lyunderestimatethe
actualerrors.(b)Individualerrorswerenotquotedin theNPM.TheerrorquotedisanRMS
error.(c)Thefullspacevelocityerroristhesquar erootofthesumofthesquaresofthe
tangentialandradialvelocities.
Sourcefor
ProperMotions
Numberof
Stars
AvgErrorµ

(arcseconds/
 century)
AvgErrorµ

(arcseconds/
century)
Average
FullSpace
Velocity
Error
(km/s)(c)
AllSources 130 0.301 0.295 29.1
NPM 39 0.500(b) 0.500(b) 47.2
HIP 5 0.294 0.328 24.7
TAC 4 0.211 0.228 12.6
WMJ 2 0.180(a) 0.175(a) 11.2(a)
AveragedProperMotions
(AllSources)
80 0.214 0.197 20.9
          HIP+ACRS 2 0.161 0.104 9.7
        NPM+HIP+PPM 2 0.147 0.137 10.5
        NPM+HIP+ACRS 2 0.124 0.065 9.9
        TAC+HIP 4 0.200 0.178 16.4
        NPM+TAC+HIP 20 0.143 0.131 14.6
        NPM+TAC 23 0.241 0.247 22.1
        NPM+HIP 26 0.264 0.229 26.6
TABLE2a.  Propermotiondatausedinoursample.(a)Thefirstc olumnistheforthestar
numberinourdatabase.Therearegapsinthissequencew herestarshavenotbeenincludedin
thesampleforthispaper.(b)PropermotionsinR.A. aregiveninsecondsoftimepercentury.
Propermotionsindeclinationaregiveninsecondsofa rcpercentury.(c)Incaseswherethereis
morethanonesourcelisted,thepropermotionisthem eanweightedbytheinversevariances.
(a) Name
Galactic
Latitude
µ

(b)
sec/cent
err(µ

)
sec/cent
µ

(b)
/cent
err(µ

)
/cent
PmotSource
(c)
1 RYPSC -62.89 0.258 0.014 -0.816 0.224 TAC,NPM
4 SWAND -33.08 -0.032 0.019 -2.284 0.257 TAC,NPM
5 RXCET -77.65 -0.158 0.019 -6.266 0.177 HIP,NPM
6 DRAND -28.57 0.238 0.040 -1.370 0.500 NPM
7 XXAND -23.64 0.478 0.013 -3.516 0.134 TAC,NPM,HIP
8 RRCET -59.89 0.065 0.011 -4.483 0.186 TAC,NPM
9 CIAND -17.62 -0.007 0.027 -0.393 0.217 HIP,NPM
10 RVCET -64.40 0.181 0.010 -2.057 0.123 PPM,NPM,HIP
11 RZCET -60.34 0.157 0.012 0.041 0.189 TAC,NPM,HIP
12 XARI -39.84 0.449 0.009 -8.918 0.131 TAC,NPM,HIP
13 SVERI -53.47 0.090 0.010 -5.017 0.151 PPM,NPM,HIP
15 ARPER -2.27 -0.057 0.013 -0.962 0.104 HIP,TAC
16 RX.ERI -33.88 -0.108 0.008 -1.113 0.100 ACR,NPM,HIP
19 TZAUR 20.91 -0.067 0.031 -0.986 0.251 HIP,NPM
21 RRGEM 19.52 -0.027 0.013 -0.240 0.240 WMJ
22 TWLYN 27.54 0.002 0.032 0.334 0.273 HIP,NPM
24 ALCMI 15.35 -0.081 0.033 -0.510 0.500 NPM
25 SZGEM 22.09 -0.070 0.011 -2.904 0.143 TAC,NPM,HIP
26 SSCNC 26.28 -0.056 0.036 -1.720 0.500 NPM
27 XXPUP 8.72 -0.132 0.014 -0.210 0.213 HIP
28 DDHYA 19.30 -0.022 0.025 -0.854 0.300 HIP,NPM
29 ASCNC 31.23 0.204 0.036 -0.820 0.500 NPM
30 TTCNC 28.38 -0.289 0.018 -3.117 0.212 HIP,NPM
31 ETHYA 18.31 -0.018 0.015 -0.991 0.220 TAC,NPM,HIP
32 GOHYA 30.32 -0.014 0.033 -0.980 0.500 NPM
33 DGHYA 24.95 -0.112 0.017 -1.528 0.275 TAC,NPM
34 DHHYA 22.95 -0.159 0.033 -0.670 0.500 NPM
35 TTLYN 41.65 -0.840 0.010 -4.168 0.084 TAC,NPM,HIP
36 XXHYA 21.35 0.128 0.034 -2.920 0.500 NPM
37 SZHYA 25.93 -0.041 0.032 -3.964 0.486 HIP,NPM
38 AQCNC 38.10 -0.175 0.012 -3.562 0.186 TAC,NPM
39 RWCNC 43.53 0.025 0.020 -3.427 0.168 HIP,NPM
40 WWLEO 38.45 -0.002 0.033 -2.630 0.500 NPM
41 UUHYA 38.18 -0.115 0.016 -1.375 0.238 TAC,NPM
42 XLMI 53.70 0.140 0.043 -2.000 0.500 NPM
43 RRLEO 53.10 -0.120 0.012 -0.952 0.128 TAC,NPM,HIP
44 WZHYA 34.40 -0.019 0.012 -1.518 0.141 TAC,NPM,HIP
45 VLMI 57.84 0.165 0.038 -3.010 0.500 NPM
46 RVSEX 43.38 -0.053 0.017 0.250 0.270 TAC,NPM
47 SZLEO 57.83 -0.108 0.033 -2.540 0.500 NPM
48 TVLEO 49.06 0.056 0.023 0.345 0.354 TAC,NPM
49 ANLEO 60.72 0.018 0.033 -3.050 0.500 NPM
50 RXLEO 70.51 0.028 0.037 -2.660 0.500 NPM
51 AELEO 68.19 0.165 0.034 -1.250 0.500 NPM
52 TUUMA 71.87 -0.578 0.020 -5.261 0.257 TAC,NPM
53 AXLEO 66.30 -0.146 0.027 -2.404 0.347 HIP,NPM
54 SSLEO 57.06 -0.168 0.012 -2.875 0.186 TAC,NPM
55 SUDRA 48.27 -0.801 0.015 -7.730 0.092 TAC,NPM,HIP
56 STLEO 66.15 -0.066 0.017 -3.754 0.191 HIP,NPM
57 AALEO 66.10 -0.017 0.033 -3.340 0.500 NPM
58 XCRT 49.49 -0.010 0.011 -3.832 0.136 TAC,NPM,HIP
59 UUVIR 60.89 -0.292 0.012 -0.443 0.151 HIP,ACR
60 ABUMA 67.86 -0.160 0.014 -1.528 0.125 TAC,NPM,HIP
61 SWDRA 47.33 -0.477 0.017 -0.864 0.091 TAC,NPM,HIP
62 UVVIR 62.28 -0.174 0.033 -1.790 0.500 NPM
63 UZCVN 75.94 -0.051 0.030 -2.985 0.383 HIP,NPM
64 SCOM 85.84 -0.136 0.021 -1.706 0.198 HIP,NPM
65 SVCVN 79.40 0.009 0.041 -2.540 0.500 NPM
66 BQVIR 60.23 -0.017 0.033 -1.380 0.500 NPM
67 SWCVN 79.80 -0.079 0.041 -1.980 0.500 NPM
68 ZCVN 73.35 -0.063 0.016 -3.094 0.169 TAC,NPM
69 ASVIR 52.61 0.058 0.019 -3.636 0.287 TAC,NPM
70 ATVIR 57.40 -0.414 0.010 -2.291 0.124 TAC,NPM,HIP
71 RYCOM 85.06 -0.043 0.036 -1.770 0.500 NPM
72 STCOM 81.24 -0.170 0.019 -3.398 0.156 HIP
73 AVVIR 70.82 0.034 0.014 -3.751 0.164 TAC,NPM,HIP
74 RVUMA 62.06 -0.322 0.029 -3.837 0.251 TAC,NPM
75 RZCVN 77.15 -0.429 0.017 -0.047 0.152 HIP,NPM
76 SSCVN 72.63 0.059 0.012 -4.363 0.160 HIP,NPM
78 UYBOO 68.81 0.011 0.009 -5.368 0.029 ACR,NPM,HIP
79 RUCVN 74.51 -0.231 0.039 0.210 0.500 NPM
80 WCVN 70.96 -0.161 0.007 -1.502 0.117 TAC,NPM,HIP
82 STVIR 53.65 -0.049 0.012 -2.120 0.190 TAC
83 SWBOO 67.75 -0.377 0.041 0.120 0.500 NPM
84 AFVIR 59.16 -0.397 0.019 -0.044 0.238 HIP,NPM
85 RSBOO 67.35 0.007 0.028 -0.640 0.350 TAC,NPM
86 SZBOO 65.50 -0.057 0.037 -0.850 0.500 NPM
87 TWBOO 62.85 -0.024 0.012 -5.533 0.156 HIP,NPM
89 BTDRA 51.21 0.030 0.021 -3.255 0.174 HIP,NPM
91 UUBOO 58.01 -0.023 0.029 -4.225 0.334 TAC,NPM
92 TVLIB 39.67 0.003 0.033 1.030 0.500 NPM
93 TVCRB 56.51 -0.020 0.021 -0.579 0.292 HIP,NPM
94 CSSER 45.43 0.158 0.033 -2.780 0.500 NPM
95 VYSER 44.10 -0.699 0.008 -1.171 0.108 TAC,NPM,HIP
96 STBOO 55.21 -0.128 0.009 -1.317 0.135 TAC,NPM,HIP
97 ARSER 44.26 -0.257 0.020 1.098 0.257 HIP,NPM
98 VYLIB 28.84 0.007 0.014 -5.265 0.187 TAC,NPM,HIP
99 ANSER 45.23 -0.016 0.018 -0.685 0.205 HIP,NPM
100 ATSER 42.45 -0.009 0.019 -0.915 0.288 HIP,NPM
102 AVSER 36.83 0.006 0.012 0.166 0.186 TAC,NPM
103 v445OPH 28.44 -0.059 0.016 0.633 0.189 HIP,TAC
104 v413OPH 25.97 -0.074 0.033 -1.620 0.500 NPM
106 RWDRA 40.60 -0.028 0.062 -0.810 0.500 NPM
107 GYHER 41.71 0.024 0.042 1.120 0.500 NPM
108 VZHER 34.58 -0.162 0.012 -1.675 0.159 HIP,NPM
110 DLHER 26.59 0.078 0.034 -0.120 0.500 NPM
111 STOPH 16.64 -0.006 0.011 -0.080 0.110 WMJ
112 TWHER 24.80 -0.003 0.017 -0.532 0.224 TAC,NPM
113 v455OPH 13.53 -0.219 0.022 -2.343 0.313 HIP
114 BCDRA 28.48 -0.509 0.040 3.419 0.169 HIP,NPM
115 IOLYR 19.98 -0.096 0.039 2.190 0.500 NPM
116 AEDRA 25.41 -0.230 0.058 1.260 0.500 NPM
118 CNLYR 14.70 -0.008 0.038 -1.610 0.500 NPM
119 RZLYR 15.81 0.079 0.039 1.990 0.500 NPM
120 EZLYR 16.24 -0.013 0.048 1.310 0.822 HIP
121 XZDRA 22.50 0.072 0.040 0.564 0.263 TAC,NPM
122 BKDRA 22.10 -0.268 0.017 2.997 0.138 HIP
123 BNVUL 3.41 -0.342 0.013 -3.420 0.190 TAC
124 XZCYG 16.98 1.013 0.037 -2.500 0.330 TAC
126 v341AQL -22.04 0.197 0.012 -2.630 0.200 TAC
127 AAAQL -24.99 -0.036 0.016 -1.253 0.251 TAC,NPM
129 DXDEL -18.84 0.098 0.008 0.795 0.086 TAC,NPM,HIP
130 UYCYG -9.63 -0.023 0.011 -1.740 0.056 HIP,ACR
131 BTAQR -30.61 0.006 0.015 -0.802 0.238 TAC,NPM
132 RVCAP -35.54 0.136 0.015 -10.614 0.175 HIP,ACR
133 CPAQR -31.34 -0.064 0.015 -1.900 0.238 TAC,NPM
134 SWAQR -31.33 -0.286 0.015 -5.911 0.182 HIP,NPM
135 DMCYG -12.41 0.104 0.039 -0.720 0.500 NPM
136 SXAQR -34.01 -0.276 0.014 -4.709 0.209 TAC,NPM
137 CGPEG -20.76 -0.012 0.013 -0.552 0.145 HIP,NPM
138 AVPEG -24.05 0.079 0.009 -0.896 0.110 TAC,NPM,HIP
139 TZAQR -44.33 0.029 0.016 -0.517 0.257 TAC,NPM
140 VVPEG -30.41 -0.004 0.035 -1.220 0.500 NPM
141 CZLAC -4.60 -0.049 0.032 0.099 0.283 HIP,TAC
142 CQLAC -14.55 0.028 0.043 -0.150 0.500 NPM
144 BHPEG -38.36 -0.177 0.009 -6.382 0.113 TAC,NPM,HIP
145 BOAQR -58.82 -0.056 0.034 -1.210 0.500 NPM
146 DZPEG -41.45 0.116 0.034 -2.490 0.500 NPM
147 BRAQR -65.24 0.034 0.033 -0.010 0.500 NPM
148 ATAND -18.09 -0.076 0.012 -5.143 0.136 HIP,TAC
Table2b.  Distances,radialvelocities,and[Fe/H]forstars notinLayden(1994).(a)Thefirst
columnistheforthestarnumberinourdatabase.(b) Thedistancesarederivedfromphotometry
obtainedfromKinman(1997).Thedistanceerrorsaredete rminedbyastandardMonte-Carlo
errorsimulation.(c)The[Fe/H]valuesfrom“Presto n”arecomputedusingtheLayden(1994)
Sto[Fe/H]relationfor SvaluesfromPreston(1959).
(a) Name
Galactic
Latitude
d(b)
kpc
err(d)
kpc
Vr
km/s
err(Vr)
km/s
Vr
Source [Fe/H]
[Fe/H]
Source(c)
27 XXPUP 8.72 1.20 0.03 386 7 LHHKH -1.50 LHHKH
35 TTLYN 41.65 0.65 0.01 -67 1 LHHKH -1.76 LHHKH
72 STCOM 81.24 1.35 0.03 -68 7 LHHKH -1.26 LHHKH
120 EZLYR 16.24 1.35 0.03 -60 23 LHHKH -1.56 LHHKH
123 BNVUL 3.41 0.61 0.01 -235 4 LHHKH -1.52 LHHKH
130 UYCYG -9.63 0.98 0.02 -2 6 LHHKH -1.03 LHHKH
141 CZLAC -4.60 1.10 0.02 -120 5 HIC -0.68 Preston
148 ATAND -18.09 0.77 0.02 -252 5 HIC -0.98 Preston
TABLE3.  ResultsofkinematicanalysisofourRRLyraesamples .(a)<U>,<V>,and<W>are
calculatedintheframeofthesolarsystemandnotth eLSR.SolarmotionrelativetotheLocal
StandardofRestis(U,V,W)=(-9,+12,+7)(Mihalas&Binney ,1981).Thismotionshouldbe
reflectedin<U>,<V>,and<W>forthesamples .
Sample SampleSize <U>(a)
err(<U>)
<V>(a)
err(<V>)
<W>(a)
err(<W>)
(U)
err((U))
(V)
err(ff(V))
fi(W)
err(fl(W))
<[Fe/H]>
err(<[Fe/H]>)
ffi([Fe/H])
err(([Fe/H]))
HALO1
[Fe/H]<-1.3
81 8.
20.
-197.
12.
-8.
10.
180.
14.
111.
9.
93.
7.
-1.68
0.03
0.30
0.02
DISK1
[Fe/H]>-0.9
26 8.
11.
-41.
11.
-29.
6.
55.
8.
58.
8.
31.
4.
-0.54
0.07
0.34
0.05
HALO2
seeFig2
84 -1.
21.
-219.
10.
-5.
10.
193.
15.
91.
7.
96.
7.
-1.59
0.04
0.35
0.03
DISK2
seeFig2
46 9.
8.
-47.
8.
-23.
6.
56.
6.
57.
6.
40.
4.
-0.95
0.09
0.63
0.07
DISK2A
[Fe/H]<-1.0
22 12.
14.
-59.
14.
-19.
11.
64.
10.
64.
10.
52.
8.
-1.44
0.08
0.39
0.06
DISK2B
[Fe/H]>-1.0
24 6.
11.
-35.
11.
-27.
6.
54.
8.
54.
8.
31.
4.
-0.52
0.07
0.34
0.05
TABLE4a.  Comparisonofvariouslocalhalosamples.
Sample Number
ofStars
<U>
err(<U>)
<V>
err(<V>)
<W>
err(<W>)
 (U)
err(!(U))
"(V)
err(#(V))
$(W)
err(%(W))
ThisPaper,HALO1
[Fe/H]<-1.3
81 8
20
-197
12
-8
10
180
14
111
9
93
7
ThisPaper,HALO2
SeeFig2
84 -1
21
-219
10
-5
10
193
15
91
7
96
7
LHH(1996)Halo3
RRLyraes;Vand[Fe/H]selected
162 9
14
-210
12
-12
8
168
13
102
8
95
9
Layden(1995)Halo
RRLyraes;[Fe/H]<-1.3
~200 -202
13
166
14
109
9
95
9
Chiba&Yoshi(1998)
RRLyraes&KGiants;[Fe/H]<-1.6
124 16
18
-217
21
-10
12
161
10
115
7
108
7
Norris(1986)Halo
[Fe/H]<-1.2
~500 -183
10
131
6
106
6
85
4
Morrisonetal.(1990)
KGiants;[Fe/H]<-1.6w/oMWTD
-195
15
133
8
98
13
94
6
Beers&Sommer-Larsen(1995)
Dwarfs;[Fe/H]<-1.5
887 153
10
93
18
107
7
Carneyetal.(1996)LowHalo
Subdwarfs;[m/H] &-1.5&Z<2kpc
150 -20
13
-193
7
-3
4
152
10
104
8
95
7
Carneyetal.(1996)LowHalo
Subdwarfs;eoforbit '0.85&Z<2kpc
97 -32
19
-208
6
0
5
TABLE4b.  Comparisonofvariousthickdisksamples.(a)Thenumb ersgiveninthetableare
fromananalysisperformedontheEdvardssonet.al(1993)di skpopulationwithstarshavingages
greaterthan9Gyrbeing"Older."
Sample Number
ofStars
<U>
err(<U>)
<V>
err(<V>)
<W>
err(<W>)
((U)
err()(U))
*(V)
err(+(V))
,(W)
err(-(W))
ThisPaper,DISK1
[Fe/H]>-0.9
26 8
11
-41
11
-29
6
55
8
58
8
31
4
ThisPaper,DISK2A
SeeFig2w/[Fe/H]<-1.0
22 12.
14.
-59.
14.
-19.
11.
64.
10.
64.
10.
52.
8.
ThisPaper,DISK2B
SeeFig2w/[Fe/H]>-1.0
24 6
11
-35
11
-27
6
54
8
54
8
31
4
LHH(1996)Disk3
RRLyraes;Vand[Fe/H]selected
51 6
8
-45
9
-16
6
52
8
48
8
29
5
Layden(1995)ThickDisk
RRLyraes;[Fe/H]>-0.5
~50 -22
9
49
7
44
7
34
6
Edvardssonetal.(1993)
OlderDiskFDwarfs;Age>9
Gyr(a)
58 22
8
-38
6
-5
5
59
6
48
4
38
4
Beers&Sommer-Larsen(1995)
Dwarfs;-1.0 .[Fe/H]/-0.6&Z<
1kpc
349 63
7
42
4
38
4
TABLE5.  Comparisonofmetalweakthickdisksamples.   (a)MWTDkinematicsascalculated
byMorrison,Flynn,andFreeman(1990)
Sample <U>
err(<U>)
<V>
err(<V>)
<W>
err(<W>)
0(U)
err(1(U))
2(V)
err(3(V))
4(W)
err(5(W))
DISK2A 12.
14.
-59.
14.
-19.
11.
64.
10.
64.
10.
52.
8.
MWTD(a) 25.
20.
-52.
14.
-10.
14.
65.
18.
24.
16.
40.
13.
